Introduction: Despite the prevalence of prescribed asthma, there is uncertainty about the incidence of exercise-induced bronchospasm (EIB). Objective: Compare the frequency of EIB between swimmers and sedentary individuals, and observe heart rate variability during bronchial activity. Methods: In total, 18 swimmers (group 1) and 18 sedentary individuals (group 2) were included. The participants rested for 30 minutes for evaluation of HRV. Blood pressure (PA), respiratory rate (RR), and pulse oxygen saturation (SpO2) were measured. The volunteers remained seated for the spirometry test (maneuver of forced vital capacity -FVC). This was repeated 5, 10, 15, 20, and 30 minutes after the exercise test. The statistical analysis used the Student t, Mann Whitney, and Shapiro-Wilks tests. The significance level was p <0.05. Results: The spirometry findings showed 3 sedentary individuals and 10 swimmers with obstructive ventilatory disorder (OVD). Only 2 of the sedentary and none of the swimmer group demonstrated positive bronchial provocation. A key criterion for diagnosing OVD, the relationship between forced expiratory volume in one second and FVC (FEV1/FVC), was
Introduction
Asthma is characterized by chronic inflammation in the airways, and severe and acute reduction in bronchial lumen, with a consequent reduction in airflow in response to bronchoconstrictor stimuli (1, 2, 3) . The average global prevalence varies between 1% and 18%, depending on the country. It averages 11.6% among school children (six and seven years) and 9.5% from 0 to 17 years (4, 5) .
Exercise-induced bronchospasm (EIB) is generated by the practice of vigorous physical activity that induces bronchospasm. It begins with five to ten minutes of physical activity, and normalization of bronchial tone after 30 to 60 minutes of rest. There is a higher prevalence of EIB in athletes who perform activities in cold climates (6, 7) , and higher intensity activities (8) , such as swimmers, cyclists and distance runners.
The perception of symptoms of EIB is low in these competitors, which inhibits diagnosis and treatment (8, 9) . Among high-level swimmers reports of asthma and/or drug use reached 29.6% in one study (8) .
Swimming has always been seen as a good treatment for asthma and bronchitis; however some individuals may develop asthma attacks during and after swimming, or worsening symptoms, either due to the exercise, chlorine inhalation, or the high frequency of rhinitis and sinusitis. Swimming aims to reeducate respiratory function, especially diaphragmatic, improving regional ventilation, in areas, which improves the ventilatory pattern. In addition, there is improved aerobic fitness, which prepares these individuals to withstand asthma attacks; many Olympic champions started this sport in order to reduce asthma attacks (9) .
the Clinical School of Physiotherapy, Unoeste (respiratory therapy sector).
After verification of height and weight (Filizola ® scale), and calculation of the body mass index (BMI), subjects were instructed to remain for 10 minutes sitting at rest. Blood pressure was measured using a non-invasive method with a sphigometer, BD brand, pulse oxygen saturation (SpO 2 ), with an oximeter, NONIN brand, and respiratory rate (r), by observing the oscillations of the rib cage (11, 12) .
Autonomic Evaluation
The Heart Rate Variability (HRV) was also determined. For this, the volunteers were instructed not to consume alcoholic beverages or autonomic nervous system stimulants, such as coffee, tea, and chocolate drinks, for at least 24 hours prior to the evaluation.
The collection was initiated after the individual had remained seated for 10 minutes in a quiet place. The measurement was performed for 30 minutes and interrupted to perform the spirometry. When the patient began the test on the treadmill, the measurement of HRV started once again until the end of the exercise test, to verify the maximum heart rate achieved.
The capture belt was positioned at the distal third of the sternum, and the HR Polar RS800 CX RUN receiver on the wrist. This equipment has been previously validated to capture HR beat to beat as well as the use of the data for analysis of HRV indices (13) .
The data analysis used 1000 consecutive RR intervals. Digital complemented by manual filtering was carried out to eliminate premature ectopic beats and artifacts, and only series with more than 95% of sinus beats were included in the study (13) .
For HRV analysis: nonlinear methods [DFA -Total DFA, alpha 1, alpha 2 and alpha 1/alpha 2 ratio, Recurrence plot -from which was extracted the recurrence rate (REC), determinism (DET) and approximate entropy (ApEn) -and the Poincaré plot, also being evaluated linear methods analyzed in the time (SDNN and RMSSD) and frequency domains (LF HF and LF/HF) and geometric methods (triangular index and TINN). The RMSSD is the root mean square of the successive differences between adjacent normal RR intervals in a time interval, expressed in ms, SDNN is the standard deviation of all normal RR intervals recorded in an interval of time expressed in ms, HF (High Frequency) and LF (Low Frequency), SD1 is the EIB can be characterized as a drop in forced expiratory volume in one second (FEV 1 ) greater than or equal to 10%. Decreases of more than 15% are mild, 20% to 30% moderate, over 30% severe (10) . High performance athletes should perform spirometry and bronchial provocation tests even when they do not present a previous history of the disease.
It is not possible to affirm that physical conditioning of swimmers is a trigger of bronchoconstriction, due to the presence of greater parasympathetic tone. However, it is well established that cholinergic stimulation induces bronchoconstriction. Greater parasympathetic tone could be an adjuvant to bronchospasm when associated with the presence of a trigger (10) . The high prevalence of asthma among adolescents together with the frequent complaints of dyspnea and "wheezing" in swimming athletes stimulated the proposal for the current scientific study. In this context we intend to encourage early diagnosis, so that these athletes seek preventive treatment and avoid episodes of exacerbation characterized by EIB.
Considering the above, it is possible that there would be a higher prevalence of EIB among swimmers, associated with increased parasympathetic tone, when compared to sedentary individuals.
This study aimed to compare the frequency of exercise-induced bronchoconstriction (EIB) between swimmers and sedentary individuals, and observe heart rate variability during the course of bronchial provocation activity.
Methods
The present study is transversal. In total 40 individuals of both genders were included, aged 13 to 25 years. The participants presented no past history of bronchial asthma and did not use bronchodilator medication. Group 1 was composed of 20 swimmers in a training regimen, often six days a week with a minimum of 3 hours. Group 2 included the same sample size, but was formed by sedentary individuals.
The present study was approved by the Research Ethics Committee (CEP) and Institutional Research Advisory Committee (CAPI), of the University of West Paulista (Unoeste) under CAAE protocol number 25858813.0.0000.5515. All participants signed a free and informed consent (FIC) and when necessary, the agreement term. The procedures were performed at distribution between the groups, the Student's t test for unpaired data was applied, while for non-normal distribution, the Mann Whitney test was used. The value of significance considered was p < 0.05.
Results
The present study evaluated 40 individuals. Of this total, 18 were sedentary (5 males and 13 females) and 18 were athletes, including 12 males and 6 females. Two volunteers from each group refused to perform the proposed tests. Table 1 presents the anthropometric characteristics of both groups. Significant differences were observed in height and weight between athletes and sedentary individuals (p < 0.05). The spirometry findings also showed 3 sedentary individuals with obstructive ventilatory disorder (OVD) and 10 athletes with the same result, verified pre physical activity (Table 1) , by the reduction in the FEV 1 /FVC ratio (Table 3 ). This table presents the values in means and therefore the reduction in the FEV 1 /FVC ratio is not evident.
The application of the EIB test demonstrated that 2 sedentary individuals presented a decrease greater than 25% in the FEF 25-75%, as well as a reduction greater than 10% in the FEV 1 , comparing the values measured pre exercise and 5 minutes after the test (Figure 1 ). No reduction in these parameters was observed among athletes, positive bronchoprovocation did not occur in the test. Table 2 shows the mean values of the spirometric parameters FEV 1 and FEF 25-75%, of sedentary individuals and athletes before executing the EIB test (pre) and 5, 10, 15, 20, and 30 minutes after testing. It can be seen that the mean FEV 1 , at all times, was higher (p < 0.05) in the athletes. The FEF 25-75% behavior was similar in both groups.
The FEV 1 /FVC ratio was statistically lower in the group of athletes, at all measurement times, p < 0.05 (Table 3) . Regarding the comparison between the times of the pre maximal stress test and 5, 10, 15, 20, and 30 minutes post-test, statistical difference was only observed in the FEF 25-75% at 5 and 15 minutes in the athletes, with an increase in the time of 15 minutes (p < 0.05). Table 4 presents the mean and standard deviation values of heart rate variability (HRV). The RMSSD which verifies parasympathetic tone and SDNN which verifies sympathetic tone were statistically higher in the athletes (p < 0.05).
standard deviation of the instantaneous variability beat to beat, SD2 is the standard deviation in the longterm of continuous RR intervals and the TINN index is the triangular interpolation of the intervals (14) .
Kubios HRV analysis software version 2.0 was used to calculate these indices (15) .
Spirometry
Thirty minutes after the HRV collection the spirometric test was performed. The curve of the forced vital capacity was recorded (FVC) using a spirometer, Micro Medical MK8. The subjects performed the test in a sitting position and, after inserting the nozzle, performed a maximal inspiration followed by a maximal expiration. Spirometry was performed prior to the maximal exercise test and 5, 10, 15, 20, and 30 minutes after the stress test on the treadmill. All spirometry procedures were in accordance with the guidelines for pulmonary function tests, which included temperature and humidity control maintained between 23 and 25 degrees Celsius (3, 11, 12) . The objective was to avoid large differences between the temperature of the spirometer and the body.
Test to trigger exercise-induced bronchoconstriction (EIB)
For the realization of the EIB, a treadmill, brand IMBRAMED, was used. It was programmed with a fixed inclination of 10% and speed controlled to reach a heart rate between 75% and 85% of maximal HR in the first 2 minutes. HR remained in the range between 85% and 95% of the maximum value expected until the end of test, which lasted 8 minutes.
For EIB, the test was considered positive when there was a reduction greater than 10% in forced expiratory volume in one second (FEV 1 ), or a decrease of 25% in forced expiratory flow between 25% and 75% of expiration (FEF 25%-75% ) , to compare the value of the spirometric parameter before exercise with any of the measurements taken after the stress test (10, 12) . 
Statistical methods

Data normality was tested using the ShapiroWilk test. To compare the variables with normal
Discussion
The present study verified the variation in spirometric parameters before and after the completion of an EIB protocol, comparing athletes and sedentary individuals. Of the 40 individuals assessed, 2 in the sedentary group (11.11%) presented a positive EIB test. Among the athletes there was no positive bronchial provocation for the same test, verified through spirometric parameters.
The study by Teixeira et al. found a higher prevalence of EIB in athletes in cold climates, which may be related to air inspiration in these conditions (9) . Similar behavior was found when evaluating long distance running athletes, in the same study. However, among the athletes in the present study, EIB was not observed. Perhaps the spirometric characteristic pre exercise that determined a higher prevalence of OVD (probable > FVC in some) in the population of athletes (10 individuals), influenced the response in the EIB test.
75% of the exhalation. Flows present greater variability in normal individuals (27) . Spirometry with abnormal flow was not related to the decrease in FEV 1 in a longitudinal study (28) . The recording of FEF 25-75% in series could make it more variable, as it should be determined through the same volume of the initial curve, which is not possible in the spirometry systems used (3). These reasons could explain the presence of a decrease in FEV 1 without changing the FEF 25-75% .
The autonomic modulation, RMSSD and SD1, which characterize the parasympathetic action, were higher in athletes compared to sedentary individuals, suggesting that the parasympathetic activity was increased. These results corroborate previously described studies reporting increased parasympathetic activity in athletes (29, 30) . There was a lower resting HR in the athletes, indicating a relation of these indices with higher HRV. The increase in vagal activity may be related to the increase in the SDNN and SD2 indices observed in the athletes, indicative of overall variability.
Maladjustments in sympathetic and parasympathetic tone can induce disease (14) . The greater parasympathetic tone found in the swimmers could be an adjuvant trigger for the OVD found in these patients. The higher the parasympathetic activation, the greater the bronchoconstriction (10) . A limitation of this study is the limited number of swimming athletes, as it is a population of high-performance athletes with a specific training workload.
Conclusion
It was observed that the EIB test identified, more frequently, the presence of bronchospasm in the general population. Among the swimmers there was a reduction in the FEV1/FVC ratio. There was higher HRV in the population of swimmers studied.
The higher prevalence of bronchial asthma found in swimmers (8) , which can be seen by the reduction in the FEV 1 /FVC ratio in those selected in this population, did not influence the incidence of positive bronchoprovocation through exercise. Thus, it is concluded that the trigger mechanism for the OVD found is not exercise.
The opposite can be stated for the sedentary population. This population has a lower prevalence of asthma; however the current study found positive EIB in the sedentary group. In these cases the triggering mechanism of bronchospasm was exercise, which differs from the swimmers included.
Despite the absence of positive EIB among the athletes, a reduction in FEV 1 /FVC was identified in 5 subjects. It is not possible to state that this finding is sensitive enough to characterize positive EIB, as well as the criteria already established by the FEV 1 and FEF 25-75%. It is possible that the reduction in the FEV 1 /FVC ratio, after the EIB test, efficiently characterized the presence of bronchospasm after exercise, through this parameter in isolation, diagnosing OVD.
The reduction in FEV 1 /FVC in individuals presenting FVC > 120% of predicted, may be a physiological variant, in the absence of symptoms and a negative post-bronchodilator spirometry test (16, 17, 18, 19, 20) . Therefore, despite 10 individuals (55.5%) among the athletes having been diagnosed with OVD, 8 of these (44.4%) presented FVC > 120% and of these, 5 presented a reduced FEV 1 /FVC ratio (62.5%). If athletes who presented OVD and FVC >120% are excluded, 3 athletes (16.6%) with OVD remain, without FVC > 120%, similar to the incidence of OVD found in the sedentary population.
Higher values of FEV 1 , found in the athletes were proportional to the greater height also observed in this population, when compared with the group of sedentary individuals. Based on the age of the individuals evaluated in this study, they were in a development phase. Through physiology constant changes in relation to growth and development take place, depending on genetic factors and extrinsic factors such as physical activity (21, 22, 23, 24, 25, 26) . FEV 1 has increased sensitivity to determine OVD when compared to FEF 25-75% ; the systems for obtaining these parameters are different. There is time verification in the FVC maneuver, which determines FEV 1 . The FEF 25-75% is recorded by calculating the mean flux in the middle portion of the FVC curve, dividing the volume expired by the time spent between 25 and
